We measured the contents of anti-tumor polysaccharides in certain mushrooms using the two kinds of antibodies that specifically recognize lentinan and GGF, which were isolated from Lentinus edodes and Grifola frondosa, respectively, as ␤-glucans of these polysaccharides. To determine which mushrooms showed immunomodulating activity, the TNF-␣ and NO productions of mouse peritoneal macrophages and the subset analysis of splenic lymphocytes stimulated with a polysaccharide from each mushroom were examined. It was ascertained that polysaccharides from mushrooms that enhanced NO production also elicited TNF-␣ production and that mushrooms containing the positive polysaccharides to anti-lentinan and anti-GGF antibodies at least augmented the production of TNF-␣ and NO. Furthermore, the polysaccharides from Fammulina velutipes and Meripilus giganteu increased lymphocyte T cell subsets. Therefore, we demonstrated that those polysaccharides had high levels of immunomodulating activity.
Mushrooms have recently become attractive as a functional food and a source for the development of drugs. Many investigators have isolated and identified anti-tumor polysaccharides in mushrooms (Sasaki & Takasuka, 1976; Takeyama et al., 1987; Kawagishi et al., 1989) . The anti-tumor activity of these polysaccharides is caused by the potentiation of the immune response (Takeyama et al., 1987; Suzuki et al., 1990) . Lentinan is an anti-tumor polysaccharide isolated from the watersoluble extracts of Lentinus edodes composed of a backbone of b-(1,3)-linked-D-glucose residues. This ␤-(1,3)-D-glucose possesses two ␤-(1,6)-glucose side chains of ␤-D-glucoscyl groups for every five glucose residues (Sasaki & Takasuka, 1976) . Several researchers have reported that lentinan showed strong hostmediated anti-tumor activities via the activations of T-cells, NKcells, and macrophages (Maeda & Chihara, 1973; Hamuro et al., 1980; Freunhauf et al., 1982; Gergely et al., 1988; Ladányi et al., 1993; Mizuno et al., 1998) . ␤-Glucan purified from the fruit body of Grifola frondosa (GGF) as an anti-tumor polysaccharide is composed of a backbone of ␤-(1,6)-linked-D-glucose residues. This ␤-(1,6)-D-glucan possesses ␤-(1,3)glucose as a side chain . reported that GGF inhibited the growth of a Sarcoma 180 tumor in ICR mice.
Tumor necrosis factor (TNF)-␣, an endogenous factor with tumor-selective cytotoxicity, is recognized as an important host defense molecule that affects tumor cells. It has been reported that lentinan stimulates NK cell activity and several macrophage functions, e.g. the release of TNF-␣ (Kerékgyártó et al., 1996) . Nitric oxide (NO), a free-radical gas, is synthesized by nitric oxide synthase (NOS) (Xie et al., 1992) and mediates diverse functions, including vasodilatation, neurotransmission, inhibition of platelet aggregation, immunoresponses, and inflammation (Lowenstein & Snyder, 1992) . Furthermore, recent studies have demonstrated that murine macrophages stimulated with TNF-␣ (Lorsbach et al., 1993) produce NO via expression of the inducible NOS gene (Xie et al., 1992) , and that the reactive nitrogen intermediates are thought to play a significant role in tumoricidal and microbicidal activities (Lowenstein & Snyder, 1992; Lorsbach et al., 1993) . Thus, it seems that TNF-␣ and NO have been noted as factors that exhibit anti-tumor activity because they have a direct cytotoxic effect on tumor cells and exhibit a wide diversity of physiological activities in the immune system.
We have developed a new method using an enzyme linked immunosorbent assay (ELISA) to easily and exactly quantify lentinan and GGF contents in extracts from Lentinus edodes and Grifola frondosa, respectively (Mizuno et al., 1996; . In this study, the ELISA inhibition assay using antilentinan and anti-GGF antibodies was applied in order to screen the mushrooms for those containing a high level of anti-tumor polysaccharides. The TNF-␣ and NO production of mouse peritoneal macrophages and the subset analysis of splenic lymphocytes stimulated with a polysaccharide from each mushroom were examined to determine which mushrooms possessed an immunomodulating activity.
Materials and Methods
Materials Purified lentinan was generously donated by Ajinomoto Co. GGF was purified from the fruits bodies of Grifola frondosa according to the methods of and Chihara et al. (1969 Chihara et al. ( , 1970 .
ELISA inhibition assay The solution of antigen (lentinan and GGF in PBS, 100 g/ml) was coated in micro-titer wells overnight at 4˚C. The antisera were incubated with the samples or various standard polysaccharides dissolved in PBS for 30 min. After blocking the wells with skim milk and washing them, a solution (100 l) mixed with the antibodies and samples was added to the wells. The plates were incubated for 1 h at 4˚C and washed with PBS-Tween. Peroxidase-conjugated goat anti-rabbit IgG serum was added, and the plates were incubated for 1.5 h at 20˚C. After washing and coloration with H 2 O 2 -O-phenylenediamine (100 l), absorbance at 492 nm was measured.
The specificity of antisera against lentinan and GGF was demonstrated in the previous paper. The anti-lentinan antisera reacted only with lentinan but not with laminarin, amylose, dextran or galactan. The linear calibration curve was obtained in the range of 2 to 50 g/ml (Mizuno et al., 1996) . The anti-GGF antisera reacted only with GGF but not with laminarin, pustulan, lentinan or pullulan. The linear calibration curve was obtained in the range of 0.5 to 10 g/ml . Thus, the antisera against lentinan and GGF recognized the differences of a certain core of the ratio of ␤-(1,3)-linked glucose to ␤-(1,6)-linked glucose.
Lentinan and GGF contents in mushrooms Lentinan and GGF contents were measured by essentially following the procedure of Mizuno et al. (1996 . Briefly, each sample was homogenized with a 20-fold volume of distilled water. The homogenates were extracted in a 95˚C water bath under reflux for 10 h three times, filtered, and then lyophilized. The lyophilized powders were dissolved in distilled water and applied to inhibition assays of ELISA.
Preparation of peritoneal macrophages Peritoneal macrophages were isolated from mice (BALB/c, Japan SLC Co., Hamamatsu) which had been injected intraperitoneally with 2 ml of 4.05% (w/v) fluid thioglycollate medium 3 days prior to peritoneal lavage with 10 ml serum-free RPMI 1640 medium. Collected cells were washed with RPMI 1640 and cultured in RPMI 1640 containing 5% fetal calf serum at a density of 0.5ϫ10 6 cells/well. The cells were plated on a 24 flat-bottom well microculture plate and then incubated for 2 h at 37˚C and in 5% CO 2 . After the nonadherent cells were removed, the monolayered macrophages were stimulated with sample solution for 24 h at 37˚C and in 5% CO 2 . At the end of the incubation, the culture supernatant was collected by centrifugation at 300 ϫg for 5 min.
Measurement of TNF-␣ activity TNF-␣ activity was measured essentially following the procedure of Kerékgyártó et al. (1996) . TNF-␣ in culture supernatants obtained from untreated or activated macrophages was measured by a biological assay using actinomycin D-treated L-929 mouse fibroblast cells. Recombinant murine TNF-␣ (Wako Pure Chemical Co.) was used as a standard. Briefly, L929 cells were plated on a 96-well flatbottom microculture plate at a density of 2ϫ10 4 cells/ml in a complete medium containing 4 g/ml actinomycin D. The culture supernatant of the peritoneal macrophages was added to the plates. After 20 h incubation at 37˚C, the remaining viable cells were fixed and stained with 0.1% crystal violet, and absorbance was measured at 570 nm.
Nitrite assay Macrophages were plated at a density of 1ϫ10 6 cells/well in 24-well plates. After 24 h of incubation, synthesis of NO was determined by an assay of the culture supernatants for nitrite (NO 2 Ϫ ), the stable reaction product of NO with molecular oxygen, as described by Stuehr and Nathan (1989) . Briefly, 100 l of Griess reagent was added to 100 l of each supernatant in 96-well plates, and the absorbance was measured at 570 nm.
Flow cytometry Each test sample was diluted to an adequate concentration with physiological saline, and a 0.2 ml-portion was injected intraperitoneally. Physiological saline was administered to the control group in the same manner. The procedure for flow cytometry was that of Mizuno et al.(1994) with a slight modification. Murine spleen cells from C3H/He mice were suspended at a concentration of 1ϫ10 6 /ml in the staining buffer (Dulbecco's modified Eagle's medium, 2% fetal bovine serum, 0.1% sodium azide) and incubated with either fluorescein isothiocyanate (FITC)-conjugated anti-Thy1.2 (pan T-cells, clone; 30-H12), anti-Lyt2 (CD8; cytotoxic T-cells, clone; 53-6.7), or phycoerythrin (PE)-conjugated anti-L3T4 (CD4; helper T-cells, clone; GK1.5) monoclonal antibodies (Becton Dickinson Monoclonal Center, CA) for 30 min at 4˚C in order to detect each subset of T-cells. Monoclonal anti-asialo GM1 antibody and FITCconjugated anti-rabbit IgG antibody (Cosmo Bio Inc., Tokyo) were used to detect the subset of NK cells. The cell suspensions were then washed twice and resuspended in the staining buffer. The antibody-reacted cell suspensions were analyzed on a flow cytometer (EPICS PROFILE-II). The number of positive cells was calculated by integrating 10,000 cell-logarithmic fluorescence histograms above the channel in which no appreciable fluorescence was seen for the negative controls. Each value represented the mean ϮS.D. of quintuplicate assays.
Cytotoxicity assay The YAC-1 cells were used as a target for NK cytolysis. Approximately 5ϫ10 6 target cells were incubated with 0.1 mCi of Na
51
CrO 4 for 1.5 h at 37˚C, washed three times, and adjusted to a concentration of 1ϫ10 5 cells/ml. A 0.1 ml portion containing 1ϫ10 4 cells was poured into each well of 96-well round-bottomed plates with 0.1 ml of effector cell suspensions containing different numbers of effector cells; each dilution of the effector cell suspension was plated in triplicate. After incubation at 37˚C for 4 h, a 100 l aliquot of culture supernatant was removed from each well for a radioactivity count. Spontaneous release of 51 Cr was measured in the absence of effector cells (in RPMI 1640 medium containing 10% FCS instead of the effector cell suspension), and total release was measured using the detergent-lysed target cells. The percentage of cytotoxicity was calculated according to the following formula:
Results and Discussion
The contents of polysaccharides positive for anti-lentinan and anti-GGF antibodies The contents of polysaccharides positive for anti-lentinan and anti-GGF antibodies were measured by the inhibition ELISA assay. As shown in the middle column of Table 1 , the contents of the polysaccharide in Lentinus edodes positive for the anti-lentinan antibody were the highest: 3.4Ϯ0.4 mg·g Ϫ1 fresh weight (f.w.). The contents were 2.5Ϯ0.2 mg·g Ϫ1 f.w. in Fammulina velutipes. Moreover, those of Grifola frondosa and Meripilus giganteus were less than 1.0 mg·g Ϫ1 f.w.: 0.9Ϯ0.6 and 1.0Ϯ0.2, respectively. However, the polysaccharides positive for the anti-lentinan antibody were not found at all in Ramaria botrytis, Agaricus blazei or Agaricus bisporus.
As shown in the right column of Table 1 , the contents of polysaccharides positive for the anti-GGF antibody in Fammulina velutipes and Lentinus edodes were higher than those in Grifola frondosa. Those of Fammulina velutipes were highest: 6.6Ϯ2.1 mg·g Ϫ1 f.w. In contrast, the contents of the polysaccharide positive for the anti-GGF antibody in Meripilus giganteus,
Experimental releaseϪSpontaneous release ¥100
Total releaseϪSpontaneous release 0.8 mg·g Ϫ1 f.w., were less than those in Grifola frondosa. Moreover, as in the polysaccharide positive for anti-lentinan, those positive for anti-GGF were rarely detected in Agaricus blazei or Agaricus bisporus.
The relationship between the contents of polysaccharides positive for each antibody shows that the mushrooms containing the polysaccharide positive for the anti-lentinan antibody also contained the polysaccharide positive for the anti-GGF antibody. However, there are no relationships between the species of the tested mushrooms.
The effects of polysaccharides in mushrooms on TNF-␣ and NO TNF-␣ production in the isolated peritoneal macrophages by polysaccharides extracted from each mushroom is shown in the middle column of Table 2 . TNF-␣ production with the polysaccharides from Meripilus giganteus, Agaricus blazei, Agaricus bisporus and Fammulina velutipes was more than 500 pg/ml in each case: 500.5Ϯ102.5, 634.3Ϯ56.1, 558.3Ϯ51.6 and 511.5Ϯ20.0 pg/ml, respectively. These polysaccharides significantly enhanced the exo-vivo TNF-␣ production of macrophages in mice. However, the polysaccharides from Ramaria botrytis did not enhance the production of TNF-␣.
NO production by polysaccharides from tested mushrooms was assessed by the Griess reaction as shown in Table 2 , right column. Although polysaccharides from all mushrooms produced less NO than LPS (10 g/ml), those from Meripilus giganteus, Agaricus blazei, Agaricus bisporus and Fammulina velutipes significantly increased NO production as compared with the control. In particular, Agaricus blazei showed the highest production of 20.4Ϯ1.2 M. These responses were not due to LPS contamination, because polysaccharides from each mushroom could stimulate spleen cells of C3H/HeJ mice which are LPS low responders (Mizuno et al., 2000) . Thus, it was ascertained that polysaccharides that enhanced NO production also elicited TNF-␣ production. Moreover, mushrooms that contained the polysaccharides positive for anti-lentinan or anti-GGF antibodies at least augmented the production of TNF-␣ and NO. Mizuno et al. (1990) reported that polysaccharides from Agaricus blazei have anti-tumor activity against Sarcoma 180-bearing mice. Ito et al. (1997) have reported that macrophage activation and an alteration of the third component of complement is necessary for the induction of an anti-tumor effect of polysaccharides from Agaricus blazei mycelium. These results seem to show that the polysaccharides from Agaricus blazei initiate anti-tumor activity through a modulation of the immune response system. We previously investigated an anti-tumor polysaccharide from Agaricus blazei mycelium . It was demonstrated that this anti-tumor polysaccharide possessed ␤-1,2-linked mannose units and ␤-1,3-glucosyl reside with the glucose at the terminal. Moreover, we reported that an ␣-1,4-glucanlinked ␣-1,6-glucan was isolated from Agaricus blazei fruiting body as an immunomodulating polysaccharide (Mizuno et al. 1998) . Novaes and Garcia (1981) reported that natural polysaccharides from Agaricus bisporus included an alkali-soluble glucan with ␣-1,3-linked and a ␤-1,3-and ␤-1,6-linked glucan. However, the polysachharides from Agaricus bisporus were extracted with hot water in this experiment, suggesting that this fraction did not contain any glucans. The anti-lentinan and anti-GGF antibodies used in the current study recognized specifically a certain core of the ratio of ␤-1,6-glucan to ␤-1,3-glucan but not amylose (␣-1,4-glucan) or dextran (␣-1,6-glucan) (Mizuno et al., 1996; . Hence polysaccharides extracted from Agaricus blazei and Agaricus bisporus may not be positive for these antibodies but may enhance the production of cytokines such as TNF-␣ and NO.
The effects of polysaccharides in mushrooms on splenic lymphocyte subsets The subset analysis of splenic lymphocytes stimulated with polysaccharides from each mushroom was further examined to determine which mushrooms showed an immunomodulating activity besides Lentinus edodes and Grifola frondosa. As shown in Table 3 , Ramaria botrytis, Meripilus giganteus, Agaricus blazei, Agaricus bisporus and Fammulina velutipes showed more of an immunomodulating activity than the control. In particular, polysaccharides from Fammulina velutipes had the highest activity in T-cell subsets, and the percentages of Thy1.2-, L3T4(CD4)-and Lyt2(CD8)-positive cells were 74.8Ϯ8.6, 45.8Ϯ3.1 and 29.0Ϯ2.0, respectively. These polysaccharides also slightly increased the percentages of asialo GM1-positive cells, which are considered to be markers of natural killer T-cells. However, no tested mushrooms except Meripilus giganteus showed a high cytotoxic activity in a chromiumrelease assay against YAC-1 target cells. Thus, Fammulina velutipes appears to have the greatest effect on the changing pattern of splenic lymphocyte subsets. Regarding the other mushrooms, Meripilus giganteus shows the second highest level of CD8 after that of Fammulina velutipes. Leung et al. (1997) recently reported that an alkaline extract of Fammulina velutipes showed anti-tumor activity against a solid type of sarcoma SC-180. Ikekawa et al. (1982) isolated an anti-tumor polysaccharide with the structure of ␤-1,3-glucan from cytoplasms of the fruit bodies of Fammulina velutipes. These results support the possibility that Fammulina velutipes and Meripilus giganteus might contain an immunomodulating polysaccharide.
